This paper presents a design method of dynamic parameters for the self-synchronization vibrating conveyor with two exciters. The dimensionless coupling equations of the two exciters are derived by using the average method of modified small parameters and the synchronization and stability criteria are deduced from the existence and stability conditions of the dimensionless coupling equations. The two exciters loading coefficient is a periodic function of the phase difference between the two exciters and the extreme point of synchronization is either the minimum or maximum point of the two exciters loading coefficient. There are two ridges in the three-dimensional graphs of the characteristic amplitude and the force transmission coefficient on the plane of the two design frequency ratios, respectively. One ridge of both the characteristic amplitude and the force transmission coefficient is distributed along the curve segment of the one natural frequency ratio in the direction of the working mass frequency ratio approaching to zero, but the other ridge of the characteristic amplitude and that of the force transmission coefficient go along the curve segments of the other natural frequency ratio in the directions that the isolation mass frequency ratio and the working mass frequency ratio approach to infinity, respectively. The design procedure of the dynamic parameters is proposed by numerically and experimentally discussing the effects of the dynamic parameters on the performance parameters of vibrating system. A design example of the vibrating conveyor is given to verify the effectiveness of the proposed design method.
Introduction
The phenomenon of self-synchronization of exciters caused by vibration has opened up fresh opportunities in the vibration technology 1, 2 and resulted in the establishment of the vibration utilization engineering. At present, a variety of vibrating machines have been widely used in industry, such as self-synchronous probability screens, self-synchronous vibrating feeders, self-synchronous vibrating sand slingers, self-synchronous vibrating conveyors, etc. [3] [4] [5] The earliest literature on self-synchronization of exciters was published in 1950 as the patent of a concrete vibrating machine invented by Swedish inventor Signul. 1 Subsequently, the theoretical explanations of synchronization were given by Blekhman, 2 in which synchronization was defined as a property of material objects of very different natures to develop a uniform rhythm of coexistence, and the method of direct separation of motions was proposed to deal with synchronization of vibro-exciters as the mathematic apparatus and methodology. By virtue of the method of direct separation of motions, the cases of two and more exciters in some special structures were investigated to develop the theory of synchronization, such as self-synchronization of the unbalanced and planetary unbalanced rotors on a flatly oscillating solid body, self-synchronization of the unbalanced exciters on the spatially oscillating softly vibratoisolated solid body, self-synchronization of the unbalanced rotors in systems with collisions of the bodies of the carrying vibrating system, etc. 6, 7 For a vibrating system with two identical exciters, the analytical investigation is greatly simplified by combining the differential equations of the two exciters into the differential equation of the phase difference between the two exciters. [3] [4] [5] By introducing the disturbance parameters of the angular velocities for the exciters and the phase differences among the exciters, the dimensionless coupling equation (DCE) of the exciters in a vibrating system is converted into two generalized systems, that is the generalized system of the angular velocity disturbance parameters and that of the phase difference disturbance parameters, which simplifies the theoretical analysis of synchronization stability for multiple exciters. [8] [9] [10] [11] [12] The self-synchronization of two nonideal sources (exciters) on a flexible portal frame structure was studied by Balthazar et al., 13, 14 who also analyzed self-synchronization of four nonideal sources in preresonance and resonance regions. Synchronization stems from the general dynamic symmetry of two exciters and the function of motion selection of the vibrating system. 8, 15 However, all the above publications are only focused on determining the dynamic parameters of systems to satisfy the criteria of synchronization and stability. But during the working process, vibrating machines transmit dynamic force to the installed base, which is harmful to the installed base and surrounding buildings. 5 Therefore, dual mass vibrating machines (DMVMs) were developed to reduce the dynamic force that the machines transmit to the installed base. The antiresonance theory was applied to the design of DMVMs to determine the dynamic parameters of a dual-mass vibrating machine. [16] [17] [18] [19] [20] [21] [22] In the last two decades, the attention of the researchers was mainly focused on that the dynamic parameters of DMVMs were determined to reduce the dynamic force of installed bases and to ensure the amplitude stability. [16] [17] [18] [19] [20] Only Li et al. 21 experimentally verified the synchronous performance of a DMVM in the empty state. In fact, the mass of vibration material is variable during the working process of the vibrating machine and the vibration material influences on the performance of the DMVM. 22 For conveying machines, the transport efficiency is dependent on the deck acceleration that affects the bed stratification and the average slip velocity of particles. Higher accelerations are of advantage to increase the average slip velocity and intensify the bed stratification. 23 But how the dynamic parameters of DMVMs were determined to be suitable for vibration isolation, synchronization, and the work efficiency under the condition of variable vibration material had never been discussed.
In this paper, taking a dual mass vibrating conveyor (DMVC) with two exciters as an example, we propose a design method of dynamic parameters to enhance the comprehensive performances of dualmass machines. The next section demonstrates the DCEs of two exciters. In ''Synchronization'' section, synchronization and stability criteria are deduced and the domain of dynamic parameters satisfying the criteria is drawn by numerical analysis. The determination procedure of the dynamic parameters is presented by numerically and experimentally discussing the effects of the dynamic parameters on the performance parameters in ''Design method of dynamic parameters'' section. In ''Example'' section, the dynamic parameters of a DMVC are determined by using the proposed procedure and computer simulation is conducted to verify the effectiveness of the design method. The last section is devoted to concluding remarks.
Dynamic model
Equations of motion of a vibrating system Figure 1 (a) illustrates the dynamic model of the considered vibrating system. 3 It contains a working mass (WM) and an isolation mass (IM). Two exciters are symmetrically installed on the IM and driven by two asynchronous motors rotating at opposite directions, respectively. The WM is connected to the IM by pairs of perpendicular spring and connecting rod. The IM is supported on the installed base by springs.
The vibrating system can be simplified as a mathematical model shown in Figure 1 (b), which is a system of plane motion. The origin o of the frame oxy is the equilibrium point of centroid of the vibrating system. The motion of the two masses in x-direction is denoted by x, and ones of m 1 and m 2 in y-direction by y 1 and y 2 , respectively; and the swing Figure 1 . Structure of the vibrating system and its dynamic model. of the two masses about o is denoted by . Each exciter rotates about its spin axis, denoted by ' i , (i ¼ 1,2). Using Lagrange's equations, and choosing x, y 1 , y 2 , , ' 1 , and ' 2 as the general coordinates, the equations of motion of the vibrating system are derived as follows
In equation (1), the damping constants, f 2x , f 2y , f y , f 2xy , f , stem from the corresponding springs. For vibrating machines, the damping ratio is less than 0.07. 4, 16 The damping constants, f 1 and f 2 , stem from the bearings of the motors and their values are very small.
DCEs of the two exciters
We assume the average phase of the two exciters and their phase difference to be ' and 2
The angular velocities of exciters 1 and 2 can be expressed as follows
Because the motions of the WM and the IM are periodic, the change of mechanical angular velocity of the two exciters is also periodic. The average value of the average angular velocity over the interval of T 0 must be a constant
Assuming the coefficients of instantaneous variation of _ ' around ! m0 and that of _ to be " 1 and " 2 (" 1 and " 2 are functions of time, t), respectively, and substituting them into equation (3), we obtain
If the system can implement the synchronization and the two exciters operate at the same angular velocity, the period of synchronous operation is T 0 ¼2=! m0 , and the average values of " 1 and " 2 over the single period are all zero.
In vibrating systems, € ' 1 and € ' 2 in the first four formulae of equation (1) can be ignored when the system operates in steady state. 10 So using the superposition principle, the response of equation (1) can be approximately expressed as follows
The expressions of parameters in equation (6) are listed in Appendix 1.
We differentiate x, y 1 , y 2 , and twice in equation (6) with respect to time, t, using the chain rule (applied to each of the components and '), to obtain € x, € y 1 , € y 2 , and € , respectively. Then, substituting € x, € y 1 , € y 2 , and € into the last two formulae in equation (1), integrating them over ' ¼ 0 $ 2, and neglecting the high-order terms of 1 and 2 , we obtain the average differential equations of the two parameters, 1 and 2 , as follows
with
The expressions of parameters in equation (8) are listed in Appendix 2. When the two motors run at the angular velocity around ! m0 , the electromagnetic torques of the two motors can be expressed as follows
In comparison with the moment of inertia of exciter i, m 0i r 2 , the moment of inertia of rotor for motor i is very small and can be ignored. Inserting equations (8) and (9) into equation (7) and dividing both its two sides of equation (5) by m 01 r 2 yield the DCEs of the two exciters in matrix form as follows
The expressions of parameters in equation (10) are listed in Appendix 3.
Synchronization

Synchronization criterion
If the system can achieve the synchronization, we have " 1 ¼0 and " 2 ¼0. So u ¼ 0 in equation (10), i.e.
Subtracting the second formula from the first one in equation (11) and rearranging it yields
Because sin 2 j j41, the synchronization criterion is
That is, the synchronization criterion is that the synchronization torque is greater than the difference between the residual electromagnetic torques (RETs) of the two exciters.
Stability criterion
If equation (13) is satisfied, equation (11) can be solved for the phase difference and the angular speed, denoted by " 0 and ! m0 . Linearizing equation (10) around " 0 and ! m0 , and deducing a system of the first-order differential equations in the following manner: adding the two rows as the first row, subtracting the second row from the first as the second one, and adding Á _ "
as the third row, and using the notation z ¼ f "
with Exponential time dependence of the form z ¼ expðltÞ is assumed, and inserted into equation (14) . Solving the determined equation detðC À lIÞ ¼ 0, we deduce the characteristic equation for eigenvalue l
The expressions of the coefficients in equation (15) are listed in Appendix 3.
According to the Routh-Hurwitz criterion, 24 when equation (16) is satisfied
Then the trivial solution z ¼ 0 is stable. For a vibrating system, the dynamic parameters satisfy H 0 4 0, 25 so the synchronization criterion is expressed as
Synchronization stability domain
In this subsection, numerical analysis is conducted to investigate the effects of the dynamic parameters on synchronization of the two exciters and to determine the domain of the dynamic parameters for synchronization stability. To verify the synchronization ability of the vibrating system, the parameters of the two three-phase squirrel-cage motor (380 V, 50 Hz, 6-pole, rated speed 980 r/min, Á-connected) are assumed to be different. The parameters of motor 1 (3.7 kW) are as follows:
, and L m1 ¼ 138 mH. The parameters of motor 2 (0.75 kW) are as follows: (11) by T u and rearranging them, we can obtain
Summing the two formulae in equation (18) 
As shown in the expression of loading coefficient, W Load , it is a function of the phase difference between the two exciters. When the two exciters are the same ( ¼ 1), variations of the stable phase difference with the dynamic parameters are shown in Figure 2 , and the corresponding synchronization stability criteria for 2 ¼ 0:4 are illustrated in Figure 3 . The values of parameters, H 0 , H 1 , and H, are always greater than zero, as shown in Figure 3 (a), while the sign of the parameter H 3 varies with the dynamic parameters, as shown in Figure 3 (b) to (d). Figure 4 shows the variations of the ratio of the minimum loading efficient to r m with the dynamic parameters of system. In a vibrating system with two exciters, torque of general dynamic symmetry always drives the phase difference between the two exciters to the general symmetry angular, which satisfies the synchronization criterion. 15 In this system, the general symmetry angular may be zero or , i.e. the maximum or minimum point of the loading coefficient, as illustrated in Figures 2 and 3 . Figure 4 illustrates the synchronization stability intervals and the corresponding extreme points of the loading coefficient.
Design method of dynamic parameters
Force transmission coefficient (FTC)
According to the expression of y 2 in equation (6) and Figure 1 (b), when the vibrating system operates with zero phase difference, the amplitude of the impact force F to the installed base, which is caused by an exciter, can be defined as follows
The FTC is defined as the ratio of the impact force to the exciting force of an exciter and it can be written as follows
The aim of designing for a DMVM is that the vibration system transmits less dynamic force to its installed base and that the amplitude of the WB works efficiently under the condition of variable vibration material. For self-synchronous conveyors, the operation frequency is almost a constant during the working process. The transport efficiency is dependent on the amplitude of the WB. According to equation (6) , the amplitude of the WB is directly proportional to y1 , which is defined as the characteristic amplitude (CA) for the vibrating machine. Hence, the CA and the FTC are used to describe the performances of DMVMs.
For a DMVM with two identical exciters, the stable phase difference is expected to be zero so that the system motions excited by the two exciters are superposed mutually in y-direction and that are cancelled mutually in x-and -directions. According to Lu, 24 it is assumed that n x ¼4 and n ¼ 4. The 3D graphs of FTC and CA on the plane of two design frequency ratio (DFR) for 2 ¼ 0:4 are shown in Figure 5 . There are two ridges in the 3D graphs of the CA and the FTC in the plane of two DFRs, respectively. The response amplitude of a linear vibrating system depends on the distance between the operating frequency and the natural frequency ratio (NFR). For the considered system of DMVM, the relations between the two NFRs, n 1 and n 2 , and the two DFRs, n y1 and n y2 , can be written as follows
where
2n y1 2n y2 2ð1À 2 Þ and B¼
The isolines of the FTC, CA, and NFR on n y1 n y2 plane are shown in Figure 6 (a) to (c), respectively. As illustrated in Figures 5 and 6 , then n y1 approaches to zero, the WM and IM are linked together and the system in y-direction can be considered as single freedom vibrating system. Then the points on the line of n 1 ¼ 1 become the resonance peak of the system. So all the FTC and the CA have ridges along the curve of n 1 ¼ 1 in their 3D graphs and the ridges decrease with the increase of n y1 . The other ridge for the FTC goes along the curve segment of n 2 ¼ 1 in the direction of n y1 ! 1; but the other ridge for the CA does that in the direction of n y2 ! 1. Furthermore, the ridge values for the CA increase with the increase of n y2 along the curve of n 2 ¼ 1 and the values of the FTC decrease. Therefore, in order to decrease the FTC and to ensure that the CA varies with the variation of vibration material mass (VMM), the dynamic parameters of n y1 and n y2 should be designed in the neighboring domain of the CA ridge in the direction of n y2 ! 1. Figure 7 shows the isolines of l ¼ 0:1, l ¼ 0:15, n 2 ¼ 1, y1 ¼ 1, and y1 ¼ 2 in n y1 n y2 plane for 2 ¼ 0:7. When the parameters n y1 and n y2 are in the domain above the curve of l ¼ 0:1, the FTC is always less than 0.1. The mass of the WB increases with the increase of vibration material, which results in the decrease of ! y1 and the increase of n y1 . So if n y1 and n y2 are in the left domain of the curve ab, the CA increases with the increase of the VMM; if that are in the right domain of the curve ab, the CA decreases with the increase of the VMM, as illustrated in Figure 7 .
Effects of the vibration material on the FTC and the CA
During the working process of the system, the material transferred in the hopper changes mass of the WM, which leads to the change of the dynamic parameters. If the vibration material coefficient (VMC) m is defined as follows
then the related dynamic parameters are changed as follows
As illustrated in Figure 7 , the isoline of n 2 ¼ 1 is gradually perpendicular to the line that the WBFR is a constant with the increase of the IBFR. Here, the intersection point of curve n 2 ¼ 1 and n y2 ¼6 is defined as the critical frequency ratio (CFR), n y10 . The variation of the CFR with the mass ratio 2 is shown in Figure 8 . The difference between the NFR and the critical frequency ratio can be expressed as follows
The amplitude of the WB is rr m y1 , and r 0 m decreases with the increase of the VMC, so the CA is corrected as follows
As aforementioned, if n y1 and n y2 are in the left domain surrounded by the curves ab and l ¼ 0:1, the CA increases with the increase of the VMM. But the VMM reaches a certain value, the CA decreases with the increase of the VMM, as shown in Figure 9 . The maximum of the CA is denoted by 0 y1 max , and the corresponding VMC is called the maximum of vibration material coefficient (MOVMC) and denoted by mmax . If y10 denotes the value of the CA in the empty loading state, then the increase in characteristic amplitude (IICA) is defined as follows
The isolines of the parameters, y10 , mmax , , and l on Á 2 plane are illustrated in Figure 10 (a) to (d), respectively. y10 is the maximum, 2.7, at the point A (0.04, 0.675) on Á 2 plane, and decreases with the points (Á, 2 ) departing from the point A, see Figure 10 (a). The isolines of the IICA and the MOVMC are a group of half rings arching over the line 2 ¼ 0:2, respectively, and the value of inner half ring is greater than that of outer half ring, as shown in Figure 10 
Effects of the vibration amplitude on the transport efficiency
As illustrated in Figure 1 , the WM, m 1 , is the material box, in which the material is transported. The vibration amplitude of the WM influences the transport efficiency of the conveyor. In this study, the effect of vibration amplitude of the WM on the transport efficiency is analyzed by the discrete element method, which had been used to investigate material separation performance. [25] [26] [27] The size of the material box is assumed to be 1800 mm Â 400 mm and the vibration angle is 45
. The material particles are assumed to be arrangement of four balls with diameter of 4 cm and 700 particles are loaded randomly in the material box in the initial state, as shown in Figure 11 . Simulating tests, which the operation frequency of the box was assumed to be 16.33 Hz (980 r/min) and the vibration amplitude was 1, 1.5, 2, 2.5, 3, 3.5, and 4 mm, were conducted, respectively. Figure 12 vibration amplitudes. When 95% of the particles are out of the box, the variations of the simulation time with the vibration amplitude are illustrated in Figure  12 (b). From Figure 12 , one can see that transport efficiency increases with the increase of the vibration amplitude. Figure 13 is the photograph of a dual-mass vibrating conveyor with dual exciters. This type of machines is designed to operate at a far resonant state. In this case, the vibration amplitude is almost constant when exciting forces are constant. The dynamic parameters meet the synchronization criterion and the stability criterion. 3, 4 Each exciter is composed of two eccentric lumps, the angle between the two eccentric masses is A , as shown in Figure 14 . The angles for the two exciters are the same during the working process. The vibration amplitude of the conveyor can be adjusted by altering the value of the angle A . Here, tests using this experimental setup were conducted to verify the simulation results in Figure 12 . The gravels of 40 kg were loaded into the material box with the cross section of 1200 mm Â 400 mm, as shown in Figure 11 (a). A hopper, of which the mass was 10.2 kg, on an electronic balance was set at the exit of the material box to record the amount of the gravels transferred out of the box. The vibration amplitude of the box was recorded by a data collection system. 9 The experimental procedure is described as follows:
. Alter the angle of the two exciters; . Load 40 kg gravels into the material box; . Start the two motors and the data collection system, then record the duration; . Observe the readout of the electronic balance; . When the readout reaches 48.3 kg, stop the two motors and the data collection system; . Deal with the experimental data. Figure 15 shows the variation of the duration transferring 95% of the gravels out of the material box with the vibration amplitude, which coincides well with the simulation result in Figure 12 Table 2 . Dynamic parameters of the vibrating conveyor.
Dynamic parameters Values
Total mass of the vibrating system M 1 (kg) 2500 Mass of the WM m 1 (kg) 1000 Moment of inertia of the vibrating system J (kg m the maximum point on the relation curve of the material coefficient and the throwing index, 28 denoted by (D 0 , k m0 ). The MCC decreases with the throwing index departing from D 0 .
For a vibrating conveyor, the operation frequency is almost a constant. So the relation of the throwing index and the vibration amplitude is linear. Hence, the relation of the MCC and the vibration amplitude is the same as that of the MCC and the throwing index. In order to determine the variation of the MCC with the vibration amplitude, the exit of the material box in Figure 13 was stopped up by a wood plate. The vibration amplitude of the material box with 40 kg gravel loaded was measured by the data collection system when the angles between the two eccentric lumps for the exciters were 25 , 20 , 15 , 10 , and 5 , respectively. Then the MCC was calculated by the formula in Xiao and Tong. 28 Experimental results of the MCC (material coherent coefficient) are listed in Table 2 . Figure 16 plots experimental result for the variation rule with the vibration amplitude, in which the maximum point is that A ¼ 2:9 and k m ¼ 1:667. Therefore, when the conveyor transports the gravel, the vibration amplitude must be less than 2.9 mm so that the vibration amplitude increases with the increase of the material conveyed.
Design procedure of dynamic parameters for the vibrating system
According to the above analysis, the design steps can be described as follows:
1. The maximum values of the MCC and the vibration amplitude are given by the extreme point for the variation curve of the MCC with the amplitude. The working frequency is decided by the rated rotational speed of two vibration motors. 2. The VMC m and the IICA are selected by virtue of Figure 10 (b) and (c), then the parameters 2 and Á are also determined. The CFR n y10 corresponding to 2 is obtained in Figure 8 , and the CA in the empty loading state y10 is the value corresponding to the point (Á, 2 ) in Figure 7 (a). So we have the frequency ratio of the WM in the unloading state n y1 ¼ n y10 À Á. 3. Assuming the values of n x and n that they are equal to or greater then 4, then the synchronization and stability criteria are checked by Figure 4 . If the parameters satisfy the criteria, then go to step 4; otherwise, return to step 2. 4. The maximum mass of the material transported is ascertained according to the production requirement. Then the masses of the IM and the WM can be calculated. 5. The constants of springs k 2x , k , k 2y , and k y can be calculated by using formulae in Appendix 1. 6. The eccentrics r and the eccentric lump mass are determined by the formula A ¼ 2rr m y1 .
Example
In this section, an example is given in order to verify the effectiveness for the design procedure of the vibrating conveyor proposed above.
Determination of the dynamic parameters for the vibrating conveyor
1. It is assumed that the conveyor is used to transport gravels, the relation between the MCC and the vibration amplitude is shown in Figure 14 Figure 10 (a), and y10 ¼ 1:227. 3. Assume that n x ¼ 4, n ¼ 4, and n y2 ¼ 6. From Figure 4 , one can see that n y1 ¼ 1:09 is in the interval of ð1:05, 2:38Þ, and the stable phase difference is zero. So the dynamic parameters for the system satisfy the synchronization and stability criteria. 4. It is assumed that maximum mass of vibration material is 3600 kg, then the maximum mass of material combination is k m m m ¼ 600 kg. The masses of the WM and the IM are calculated as m 1 ¼1000 kg and M 2 ¼ 1500 kg, respectively. 5. By using formulae in Appendix 1, the constants of springs are calculated. 6. The maximum of the vibration amplitude is 2.9 mm, and the amplitude in the empty load is 2.4 mm ( y10 ¼ 1:227). By using the formula A ¼ rr m y1 , the eccentrics r and the eccentric lump mass are assumed as follows r ¼ 0:098m, r m ¼ 0:01m 0 ¼ 10kg Figure 18 . Results of computer simulation for the two motors of 3.7 kW. Table 2 lists the dynamic parameters of the vibrating conveyor determined by the above procedure.
Computer simulation
Computer simulation is conducted to verify the performances of the conveyor with the dynamic parameters designed. For this type of conveyors, the motions of the WM in x-and -directions are expected to be zero. That is, the eccentric masses of the two exciters and the parameters of the two motors are the same so that the difference between the two exciters can stabilize at the vicinity of zero. Furthermore, the synchronization torque should be so big that the system overcomes the disturbance of the phase difference to return zero. So two cases of the system with the same and different motors are simulated and the results are shown in Figures 17 and 18 , respectively. During the simulating process, the VMC is assumed to be 0, 0.15, 0.3, 0.45, and 0.6 in different time intervals. When the powers of the two motors are different, the phase difference and the vibration amplitude increased with the increase of the VMC and so did the conveying capacity, as shown in Figure 17 (b), (d), and (f). But the rotational speed of the two motors decreased with the increase of the VMC. The variations of the system running parameters with the VMC are listed in Table 3 . The increase of phase difference and the decrease of rotational speed for the two motors imply that the power of the system increases with the increase of the VMC. These facts demonstrate that the dynamic parameters of the vibrating conveyor are advantageous to energy conservation. Because of the phase difference between the two exciters, the motions in x-and -directions are not zero and increase with the increase of the VMC. But the two exciters always operate synchronously. When the parameters of the two motors were the same, the phase difference between the two exciters always stabilized at zero and the motions in x-and -directions are zero, as shown in Figure 18 . During the working process of the system, the two exciters were subject to periodic inertial moments. So the rotational speed also varied periodically, as shown in Figures 17(a)  and 18(a) .
Conclusions
From the theoretical investigation and numerical analysis given in the above sections, the following remarks can be stressed:
1. For the considered vibrating system, when the synchronization torque is greater than the difference between the RETs of the two motors, the domains satisfying the stability criterion are as follows: The extreme point of synchronization (EPOS) is either the minimum or maximum one of the load coefficient of the system. The phase difference of the two exciters corresponding to the EPOS is either zero or .
2. There are two ridges in the 3D graphs of the CA and the FTC on the plane of two DFRs, respectively. All the FTC and the CA have a ridge along the curve of n 1 ¼ 1 in their 3D graphs and the ridges decrease with the increase of n y1 . The other ridge for the FTC goes along the curve segment of n 2 ¼ 1 in the direction of n y1 ! 1; but the other ridge for the CA does that in the direction of n y2 ! 1. Therefore, in order to decrease the FTC and to ensure that the CA varies with the variation of VMM, the dynamic parameters of n y1 and n y2 should be designed in the neighboring domain of the CA ridge in the direction of n y2 ! 1. 3. The CA in the empty load state has the maximum of 2.7 at the point A (0.04, 0.675) on Á 2 plane and decreases with the points (Á, 2 ) departing from the point A. The isolines of the IICA and the MOVMC are a group of half rings arching over the line 2 ¼ 0:2, respectively, and the value of inner half ring is greater than that of outer half ring. The FTC is always less than 10% no matter what change of the VMC. 4. There is the maximum point on the relation curve of the material coefficient and the vibration amplitude. Therefore, when the conveyor transports the gravel, the vibration amplitude must be less than the maximum so that the vibration amplitude increases with the increase of the material conveyed. 5. Based on the numerical investigation results, the design method of dynamic parameters for the vibrating conveyor is proposed to ensure the performances of the vibrating conveyor. The results of computer simulation verify that the vibration amplitude and the conveying capacity can increase with the increase of the VMC and that the two exciters always rotate synchronously. The FTC increases little with the increase of the VMC. Furthermore, the dynamic parameters designed are advantageous to energy conservation.
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